Physical workload reduction is a significant factor in product design. However, experimental bioinstrumentation measurements involve substantial time and costs. This study proposed a simulation based ergonomic design method with digital human modeling (DHM) to accomplish efficient ergonomic product design. DHM simulation was applied to evaluate the joint moment ratios (JMRs). The product design for physical workload reduction was formulated as a minimization of the average and maximum JMRs to determine the optimal solution. The proposed method was applied to a problem of designing the forward distance of a handrail to support the sit-to-stand (STS) movement. The STS motion, the force exerted on the handrail, and the subjective perceived workload were measured for nine subjects. The STS motions and exerted force of the DHMs were predicted from the measured data, and physical workload simulation was performed with multiple DHMs to reflect anthropometric diversity. The response surfaces of the average and maximum JMRs were predicted as functions of the forward distance, and Pareto frontiers of each DHM condition were determined. The findings revealed that there were no trade-offs between the average and maximum JMRs, and that the optimal forward distance was in the range of 345-400 mm. （Key words: Digital human modeling, Joint moment, Multi-objective optimization, Response surface methodology） 1
2．Optimal design method with DHMs 2-1．Over view of the proposed method
The following outline was employed for the proposed method:
Step 1: The joint angles during a target task are measured, and the response surfaces of the joint angles are approximated for the motion prediction of the DHMs
Step 2: Statures and weights of the DHMs are determined.
Step 3: A Pareto frontier is determined by multi-objective optimization with DHM simulation.
The details of each step are described in the following sections.
2-2．Motion prediction method (Step 1)
In . In this study, the data-based method was used to predict accurate motions.
However, the non-data-based method can be used if an MGF with reliable parameters is known in advance. 
A target motion is divided into
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2-3．Setting the size of DHM (Step 2)
The gender, stature, and weight of the DHM are determined according to an intended user. With respect to an intended user group, multiple DHMs with different genders, statures, and weights are used to reflect the anthropometric diversity.
2-4． Multi-objective optimization with DHM simulation (Step 3)
The Pareto frontier of the average and maximum JMRs is determined based on the following sub-steps:
Step 3-1: The initial sampling points are set at the experimental conditions in step 1.
Step 
The average and maximum JMRs for the l-th sampling point A l and M l are calculated as follows:
Step 3 . Here,
x denotes the design variable vector.
Step 3-4: If the accuracies of the two response surfaces satisfy a pre-determined threshold, proceed to step 3-6. Otherwise, proceed to step 3-5.
Step 3-5: The RBF network is used to construct the density function 21) , which generates local minima around an unexplored region. The density function is optimized, and the optimal solution is considered as the new sampling point. The process then returns to step 3-2.
Step 3-6: The Pareto optimal solution is calculated by solving the weighted Lp norm problem 22) formulated as follows: 
3-2．Experimental methods

3-2-1．Subjects
Nine healthy Japanese subjects (five males and four 
3-2-2．Experimental procedure
Each subject was briefed on the aim of the study and the informed consent of the subjects was obtained. The handrail was set on the right-hand side of the subjects, and the subjects used the handrail to stand up at their own pace.
The subjects were asked to grasp the handrail with their right hand. The experiment was repeated three times for each condition with a three-minute break after each trial.
Subjective evaluations were measured during the break.
Additionally, the measuring sequence was randomized to minimize any complications related to the order of exposure.
Each subject arbitrarily determined their initial foot positions, and the same positions were then used throughout the experimental conditions. .
3-2-3．Experimental conditions
3-2-4．Measurements
The eight joint angles during the STS movements were measured by a motion capture system (OptiTrack, NaturalPoint 
4-1-3．Subjective scores
5-2．Accuracy of response surfaces
The determination coefficients for the response surfaces of joint angels are relatively high; hence, they were deemed to have sufficient accuracy for motion prediction. As shown in Fig. 7 , the STS movement could be simulated with the predicted response surfaces. Additionally, the accuracies of the response surfaces of exerted forces were sufficiently high. They were deemed as sufficiently accurate for the workload simulation with the DHMs. 
5-3．Joint moment ratios
